The distribution and content differentiation of morusin in the cultivated species of mulberry by HPLC-DAD are described in this paper. The experimental results showed that morusin is present in all parts of the mulberry bush. The content of morusin was highest in root bark and second highest in branch bark. The difference in morusin content of 20 different species of cultivated mulberry branch bark was significant. The level of morusin was highest in the branch bark of cultivated mulberry No. 404, a tetraploid cultivar, and third in the Husang 32 cultivar of Morus multicaulis. The method used in this study for determining morusin content exhibited good repeatability (RSD 6.02%) and recovery (100.62%). Therefore, the results from this study provide reliable data, for research and development in the future, on the level and distribution of morusin in mulberry in general and the differences found between various cultivated mulberries in particular. Furthermore, the HPLC-DAD method to determine morusin content is fast and reliable and is applicable not only to mulberry bushes but also to other plants.
Introduction
Morus (Moraceae) is a small genus found in the temperate and subtropical regions of the northern hemisphere. The silk industry countries, such as Japan, China, North Korea, South Korea, Thailand and Brazil cultivate mulberry bushes on a large scale. In China, the mulberry tree has been widely cultivated and the different components of the bush have been used in traditional Chinese medicine for thousands of years. Recently, the mulberry leaves, which are an important food for silkworm, have also been found to have pharmacological benefits with regards to hyperglycemia and hyperlipidemia [1] [2] [3] and have an antioxidant action [4] . The fruit is also an antioxidant and tonic agent [5] . The root bark, called "Sang-Bai-Pi" in Chinese, is considered an important anti-inflammatory [6] , antidiabetic [7] , antitumor [8] and antinephritis [9] medicine.
Morusin is an isoprenylated flavone, isolated from the root bark of Morus alba L. and the structure of morusin has been identified (Figure 1 ) [10] . Based on a literature survey, morusin showed strong antimicrobial activity against some species of molds [11] and a weak scavenging activity against superoxide anion radicals [12] . It has been shown to inhibit superoxide anion formation from rat neutrophils stimulated with phorbol myristate acetate (PMA) in a concentration-dependent manner [13] . Morusin has significant inhibitory activity towards the differentiation of 3T3-L1 adipocytes and nitric oxide (NO) production in RAW264.7 cells [6] and shows strong cytotoxicity against HeLa, MCF-7, and Hep3B cell lines [14] . Anti-tumor molecular signaling by morusin in human colorectal cancer cells has also been reported [15] . It has been demonstrated to inhibit arachidonic acid-, PAF-, and collagen-induced platelet aggregation [16] and to have anti-HIV activity [17] . The morusin used in these reports comes from the root or root bark of mulberry.
In China mulberry branches create considerable environmental problems as an agricultural waste. Every year, 10 million tons of mulberry branches form a huge biological resource that has not been fully exploited and utilized. Recently, some reports have clarified that mulberry branch bark mainly contain polyphenolic constituents, including prenylated flavonoids [18] , Diels-Alder type adducts [19] and stilbenes [20] , with various biological activities such as antimicrobial activity [12] antioxidant activity [21] . So, more rational uses of mulberry branches or its bark as a source of crude drugs to provide a means for recycling this waste have attracted much attention.
Despite a large number of studies on the structure and pharmacological activity of morusin, the morusin content distribution and varietal differences between mulberry stem/branch (Ramulus mori) and bark have rarely been examined. The aim of this study was to evaluate the morusin content of mulberry branch bark and establish a method for determining the morusin content of mulberry branch bark. The contents of morusin in the samples were assayed by reversed-phase high performance liquid chromatography (RP-HPLC) with DAD detection.
Materials and Methods

Chemicals and Materials
The solvents used for the extraction of morusin samples were analytical grade anhydrous alcohol and Milli-Q (Millipore Australia Pty. Ltd., North Ryde, New South Wales, Australia) distilled water, while those used for the HPLC analysis were HPLC grade acetonitrile and Milli-Q distilled water. The morusin standard was purchased from VWR (Shanghai standardization for the traditional research center. Product Number 30-2010).
Equipment
The Shimadzu LC-20A HPLC system consists of a computer-controlled system with upgraded LC-20A software and an SCL-10A VP System controller. Other accessories were two LC-20AT Shimadzu Liquid Chromatography Pumps, a CTO-20A Column Oven, a RF-20A high sensitivity fluorescence detector and an SPD M20A Diode Array Detector.
HPLC Chromatographic Conditions
A Varian C18 column (Pursuit XRs 5, C-18, 150  4.6 mm, 5 μm) fitted with diode array detection from 200 to 400 nm for morusin with mobile phase consisting of Milli-Q distilled water and 70% acetonitrile [22] was used. 
Preparation of the
Sample Preparation
Twenty varieties of mulberry were sampled on August 15, 2010 from Soochow University. The 1 year old leaves, branches and roots of Husang 32 were washed with water, their bark and xylem placed in a vacuum freeze-drying machine for 4d, following which they were ground into a fine powder. The samples were then stored in polyethylene bags in the freezer at −20˚C.
Preparation of the Sample Solution
Each sample (14.7549 g) was extracted with anhydrous alcohol for 15 min, filtered through nylon mesh, and the residue ground with anhydrous alcohol twice. This process was repeated 3 times. The filtrate was then centrifuged at 3000 rpm for 20 min and evaporated to dryness under vacuum. The sample was made up to a volume of 30 ml with anhydrous alcohol. Finally, the samples were stored in sealed glass vials in a refrigerator at 4˚C prior to analysis.
HPLC Analysis
The sample solution was analyzed by HPLC, using a Shimadzu LC-20A HPLC-DAD with a C18 reversed phase column and a Metaguard column (4.6 mm Metasil AQ 5U C18 120A). The sample solution was filtered through a 0.45 μm nylon membrane filter (Millipore) and 20 μl was injected into the liquid chromatograph. The flow rate was set at 1.0 ml·min . The temperature of the column oven was set at room temperature. The mobile phase consisted of solvent B (acetonitrile) and solvent A (Milli-Q distilled water) at 70/30 (v/v). The spectra were recorded in the 200 to 400 nm range and the absorbance of the effluent was monitored at 269 nm.
Identification of Morusin
Twenty microlitres of the sample extract solution or the standard sample solution were injected into the chro- The identification of morusin in the branch bark of cultivated mulberry was carried out by comparing the HPLC analysis of the UV spectra and retention times of the biosamples with the morusin standard.
Quantification of the Morusin
Quantification of morusin was carried out using the external standard method. Standard morusin solutions, at various concentration levels, were injected into the HPLC system and the peak areas, and thus the calibration curves and response factors, were recorded under the same conditions as the samples. The concentration of a compound was calculated as the peak area of the compound × response factor.
Results and Analysis
The Morusin Standard Curve
Morusin was identified by its retention time and the UV absorbance of purified standards. Morusin standard solutions with concentrations of 2, 5, 10, 15, 20 and 25 μg·ml −1 were injected into the HPLC column (Figure 2) , By plotting the peak-area (y) vs. concentration (x, μg·ml −1 ), the regression equations produced for morusin and its correlation coefficients (r) were as follows: y = 5477910 + 36086.7079x, R = 0.99538. Morusin recorded in that range and peak area showed a high correlation (x: morusin micrograms; y: peak area). Linearity ranged between 0.3 and 30 μg·ml −1 .
Chromatographic and Spectral Characteristics of Morusin
As shown in Figure 3 , the morusin ethanol standard sample was determined by HPLC analysis and diode array detection. Morusin on a C18 reversed-phase column showed good retention behavior and a peak at the retention time of 13.96 min (Figure 3) . The HPLC chromatographic behavior of the alcohol extract of the branch bark of the cultivated mulberry Husang 32 is shown in Figure 3 . The peak time at 13.78 min was very close to the retention time of the morusin standard sample. The results also show that the peak UV absorption spectrum of the branch bark ethanol extract of Husang 32 was almost the same as the standard morusin sample with a maximum absorption peak at 269 nm. This demonstrates that the peak of the Husang 32 mulberry ethanol extract was morusin.
The Distribution of Morusin in the Mulberry
The bark and xylem of mulberry were extracted using anhydrous alcohol in order to analyze the distribution of morusin in the mulberry, leaves, roots and branches. The extracts were analyzed using HPLC and DAD and the results are shown in xylem, and mulberry root xylem had a much lower content with the content in mulberry leaves being less than one-twentieth of the content in the root bark and content of morusin in mulberry branch bark being just one of third of the morusin content found in the root bark. In general, one hectare of mulberry bushes could produce more than 15 tonnes of dry mulberry branches per year in China. The dry weight of branches accounts for 30% of the total weight of a mulberry bush. The morusin content in the branch bark is 0.027% on a dry weight basis. Therefore, 4.05 kg of morusin could be obtained from one hectare of mulberry bushes.
The Difference in Morusin Content between Mulberry Varieties
This experiment tested the branch bark of 20 varieties of cultivated mulberry and found that morusin levels were highest in the root bark. The morusin content in different varieties of cultivated mulberries was investigated by longitudinal comparison. The results are shown in Table  1 and Figure 5 . Figure 5 show that, there is a significant difference in the branch bark morusin content between the 20 varieties. On a dry weight basis, the branch bark of No. 404 (tetraploid cultivated mulberry) contained the highest concentration of morusin at up to 314.83 μg·g . The results therefore show that No. 404 and Husang 32 branch barks have the greatest potential for commercial morusin extraction.
Extraction Recovery of Morusin in Mulberry Branch Bark
In order to determine the accuracy of the results, an ethanol extraction of Ichinose, a cultivar from M. alba Linn, was used as a test sample solution. The sample solution divided into three parts and the morusin content in these samples was determined. The content of morusin was calculated by the linear equation produced from the standard samples. 250 μg of the morusin standard sample was added to the test sample solution before blending as part of a recovery study. The experimental results showed that the extraction recovery rate for morusin in mulberry branch bark was 100.62%, with a relative standard deviation of ±4.96% (Table 2). This is a high recovery bearing in mind the complexity of the analyses. The recovery test of morusin in mulberry branch bark exhibits very good precision.
The Reproducibility of the HPLC for the Determination of Morusin
The sample extraction solution of the branch bark of Xinan Qingsang, a cultivar from M. multicaulis Perr, was measured by HPLC-DAD five times and the content of morusin was found to be 73. 13 ) and a RSD = 6.02%. This indicates that the HPLC determination of the morusin in mulberry branch bark shows good repeatability ( Table 3 ).
Conclusion
This experiment compared the branch bark, branch xylem, leaf, root bark and root xylem of cultivated species of mulberry. Husang 32 and the branch bark from 20 other cultivated species of mulberry were used as experimental material. First, anhydrous alcohol was used to obtain an extract and then HPLC was used to determine the content of morusin from the alcohol extraction. The experiment uses a morusin standard sample to draw a standard linear equation in order to determine the content of morusin in the unknown samples. The experiment showed that the content of morusin in different plant components differs by up to 20 times. The content was lowest in the leaves whereas it was highest in the root bark at about 867.04 g·g −1 (dry weight). The branch bark content was the second highest at around 270.08 g·g ,) was third while the Guangdong mul- ). The method described here to determine the content of morusin exhibited excellent repeatability (67.53 g·g −1 , ±4.06) and recovery rates (100.62%, ±4.96). So the morusin from the branch bark of No. 404 and Husang 32 can be commercially extracted and use made of its antitumor, antibacterial and anti-HIV properties which will further utilize and improve the efficient development of Mulberry bark. The present results not only provide reliable data about morusin in mulberry branch bark for research and development in the future, but also demonstrate a good method for the quality control of morusin production by HPLC-DAD.
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